Using the monthly data for more than 1700 Australian stocks over the period from 1990 to 2009, we extend the work of Hong et al (JFE, 2007) to investigate whether industry portfolio excess returns predict the aggregate market. We find that a few industries, such as General Retailers, Industrial Engineering and Oil Equipment & Services, significantly lead the market even controlling for well-recognized market predictors. However, we do not find that the ability of an industry to predict the market is closely related to its capacity to forecast economic growth as documented by Hong et al (2007) for the U.S. markets. Instead, we find that the ability of an industry to lead the market is significantly moderated by proxies for investor recognition, providing evidence in support of the gradual-information-diffusion hypothesis. We also find that the predictive power of industry portfolio returns is weaker during periods of economic recession.
Introduction
In this paper we empirically investigate whether industry portfolios lead the aggregate stock market in Australia over the last two decades, and contribute to the literature on the gradual information diffusion proposition by examining whether the slow incorporation of information from industries to the market is a result of investors' limited cognitive capacity or of environmental factors such as business cycle conditions. Standard asset-pricing models are based on the assumptions that investors are rational and that new information is rapidly incorporated into asset prices in a frictionless and complete market. However, a growing body of research suggests that information gradually diffuses across asset markets due to the attention constraints of investors. According to the gradual information diffusion hypothesis, attention is a scarce cognitive resource (Kahneman 1973; Pashler and Johnston 1998) ; thus, attention to one task automatically substitutes the cognitive resources from other tasks. Given the immense amount of information available in the markets and the inevitability of limited cognitive capacity, investors can only partially process available information. Consequently, information gradually diffuses across stock markets, and the stock returns exhibit a lead-lag effect or price delay effect (Merton 1987; Hong and Stein 1999; Hirshleifer and Teoh 2003; Peng and Xiong 2006) . Several recent studies have provided empirical evidence in support of the gradual information diffusion hypothesis. Hou and Moskowitz (2005) find that a firm's price delay can be explained by proxies for investor recognition. Hou (2007) finds that the lead-lag relationship 3 between large and small firms is primarily driven by the slow diffusion of industry information; and small, less competitive and neglected industries experience a more pronounced lead-lag effect. Barber and Odean (2008) show that attention affects the buying and selling decisions of investors, particularly, it affects buying more than selling because investors who face a buying decision have more difficulty in searching across a larger number of stocks they can potentially buy; therefore, individual investors are more likely to buy attention-grabbing stocks. Using data for firms' customer-supplier links, Cohen and Frazzini (2008) find that news about economically related firms are not promptly incorporated into their stock prices and the extent of late response is more severe in the case of binding attention constraints. Menzly and Ozbas (2010) observe the cross predictability of industry stock returns along customer-supplier links, providing evidence in support of the hypothesis that this gradual information diffusion is attributed to investor specialization and market segmentation.
The paper closely related to ours is Hong et al (2007) , who develop a simple two-asset model in a three-period economy based on the assumptions of gradual-information-diffusion.
Using U.S. data over the period from 1946 to 2002, they find that it takes two months for the information contained in industries to be completely incorporated into the market index. Hong et al (2007) go further to study an industry's ability to predict market fundamentals, measured by industrial production growth (IPG). They find that the industries that forecast the market also forecast IPG, which is consistent with the notion that the ability of an industry to lead the market is related to its ability to lead economic fundamentals.
We extend Hong et al's (2007) research in the Australian context and empirically test the gradual-information-diffusion hypothesis. Our research is substantially different from Hong et al's (2007) research and contributes to the literature in the following important aspects.
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Firstly, we directly test the gradual-information-diffusion hypothesis by examining whether the slow incorporation of information from industries to market results from investors' attention constraints. Hong et al (2007) have documented that industry returns lead the market returns as the information contained in industries diffuses slowly across the market. However, they do not explain why the ability to predict the market is so different across industries and do not test the gradual information diffusion hypothesis. This study fills this gap by directly testing the relationship between the leading effect of industries and the degree of investors' attention.
Given that small, illiquid stocks are more likely to be neglected by investors (Hou and Moskowitz, 2005; Hou, 2007) , we construct variables of industry size and liquidity as proxies for investor recognition, and interact these variables with industry portfolio returns to test whether the ability of an industry to predict the aggregate market is related to the industry's level of investor recognition. We find that the predictive power of industries is significantly moderated by the proxies for investor recognition and that the information contained in industries is either captured or mostly offset by industry size or liquidity, providing evidence in support of the gradual-information-diffusion hypothesis.
Secondly, we extend Hong et al's (2007) research to conduct an in-depth analysis for the Australian market by examining whether Australian industries lead the stock market, and whether the ability of an industry to predict the stock market is related to its capacity to forecast market fundamentals. Although Hong et al (2007) have examined similar issues for the eight largest non-US markets, including Australia, they use raw returns without controlling for market fundamentals in their analyses of these markets. We extend Hong et al (2007) 's sample period and address the issues by controlling for well-recognized market fundamentals such as market dividend yield (Campbell and Shiller, 1988) , the term structure (Fama and French, 1989) , market 5 volatility (Hong, et al, 2007) and changes in the USD/AUD exchange rate (Yao, et al 2005) . We find six industries, such as General Retailers, Industrial Engineering, and Oil & Gas Producers, significantly lead the market. However, we do not find evidence that the ability of an industry to predict the market is closely related to its capacity to forecast economic growth, as documented by Hong et al (2007) for the U.S. markets.
Thirdly, we contribute to the literature on stock behavior over the business cycle by examining whether an industry's ability to predict the aggregate stock market during the expansionary phase of the business cycle differs from that during the recessionary phase.
Changes in the behavior of stock returns over the business cycle are well documented in the literature (for example, Chordia and Shivakumar, 2002) . Both the quantity and quality of information increase during the economic expansionary period and decrease during the period of contraction (Veldkamp 2005; Brockman et al 2010) . We use the Hodrick-Prescott Filter method (Hodrick and Prescott, 1997) to decompose the trend component and the cyclical component of economic activity and construct a dummy variable representing economic contraction. Our results suggest that industries demonstrate weaker predictive power during economic recession. This paper is structured as follows: Section 2 describes the data sets and the measurement of variables; Section 3 presents the major empirical results of this paper, and Section 4 concludes.
Data and summary statistics
Our datasets include market information for the market index and for all individual stocks actively traded in Australian Stock Exchange, and information regarding market fundamentals over the period from 1990 to 2009. The data are sourced from Datastream International. We construct the industry portfolios based on the Datastream classification which 6 identifies 47 industry sectors. We limit our analyses to equity securities with primary quotes and exclude industry sectors of investment instruments. We also combine life insurance and non-life insurance sectors into one sector as there are only two life insurance stocks and four non-life insurance stocks; eventually we have 37 industry sectors 1 . The description of industries and the number of stocks in each industry sector are presented in Table 1 .
Measurement of variables
We have three sets of variables. The first set of variables includes the industry portfolio excess returns and market excess return. Our variable of primary interest is industry portfolio excess return R it . We construct the monthly value-weighted excess return for each industry portfolio as follow:
Industry portfolio excess return:
, where R j,t is the continuous return on stock j in industry i over the period t (here t is month), W j,t is the weight of stock j in industry i for period t measured by using the ratio of the market capitalization of stock j to the total market capitalization of industry i at the end of period t-1. Rf t is the risk free rate over period t. The risk-free rate is proxied by the 90-day bank accepted bill rate as the T-bill rate is not available over the sample period 2 . Dividend is based on an anticipated annual dividend and excludes special or once-off dividends.
Dividend yield is calculated based on gross dividend including tax credits.
Term structure TERM t : Term structure is measured as the difference between the tenyear commonwealth government bond rate and the risk-free rate proxied by the 90-day bank accepted bill rate.
Change in USD/AUD exchange rate FX t : FX t is measured as the percentage change in the USD/AUD exchange rate from the end of period t-1 to the end of period t .
The third set of variables is the proxies for investor recognition as well as the index of business cycle. We interact each of these variables, respectively, with industry portfolio returns to test whether the predictive power of industry portfolio returns is moderated by investors' attention and business cycle.
Turnover TO t : Turnover is measured as the ratio of the total value traded for the industry portfolio in period t against the total market capitalization of the industry portfolio at the end of period t-1.
Value traded VA t : VA t is measured as the ratio of the total value traded for the industry portfolio against the total value traded for the whole market in period t. This variable measures the relative liquidity of the industry portfolio across the market.
Size: Size t is measured as the ratio of the market capitalization of the industry portfolio at period t against the total market capitalization of all stocks at period t.
Bcycle is a dummy variable that takes a value of one when the economy is in cyclical contraction. We decompose the series of Westpac-Melbourne Institute Coincident Index of 9 Economic Activity into trend and cyclical components based on the Hodrick-Prescott Filter method (Hodrick and Prescott, 1997), and then construct the dummy variable that takes a value of one when the cyclical component is negative and zero otherwise. 
Summary statistics

Empirical results
We conduct our analyses in two stages. In the first stage, we extend Hong et al's (2007) work for Australian market by examining whether industry portfolio excess returns lead the market, and whether the ability of an industry to lead the market is closely related to its capacity to predict economic growth. In the second stage, we examine whether the ability of an industry to predict the market is moderated by investor recognition and business cycle. We utilize the that are robust to heteroscedasticity and autocorrelation.
Industries, market and market fundamentals
We start by examining whether Australian industries lead the market controlling for wellknown market predictors. More specifically, we estimate the following specification for each of the 37 industry portfolios respectively:
where the subscripts of i and t denote industry and time period, respectively. RM t is the market excess return over month t, R i,t-1 is the value-weighted excess return on industry portfolio i over period t-1. X represents a vector of lagged control variables which include market excess return RM t-1 , market volatility MVOL t-1 , market dividend yield Mdivy t-1 , term structure TERM t-1 , and the changes in USD/AUD exchange rate, FX t-1 . We also run the regression by including lagged returns on all industries simultaneously.
We then estimate the following specification for each of 37 industry portfolios to test whether the ability of an industry to lead the market is related to its ability to forecast market fundamentals:
where the subscripts of i and t denote industry and time period, respectively. Growth t is the continuous growth rate of economic activity index proxied by the Westpac-Melbourne Institute Coincident Index of Economic Activity. Z is the vector of lagged control variables which is the same as X in equation (3) plus the lagged dependent variable Growth t-1 . Similarly, we also estimate the augmented specification by pooling all lagged excess industry portfolio returns into the regression.
When each of the excess industry portfolio returns enters the regression of equation (3) separately, we find that five industries, being Oil Equipments & Services, Oil & Gas Producers, Insurance, Industrial Engineering, and General Retailers, significantly lead the market at 5% level, while Alternative Energy industry leads the market at 10% level. The two largest industries, Banks and Mining industries, do not lead the market excess return, which is reasonable given that the Australian stock market is dominated by Banks and Mining industries, and therefore the information contained in both industries' stock prices will be immediately captured by the contemporaneous market index. This result is consistent with the finding that the lagged market excess return has no predictive power in all 37 regressions except for those for the Insurance and Oil & Gas Producers industries. Table 2 presents the coefficient estimates for the primary interest variable, industry portfolio excess returns; the estimates for the control variables are not reported here but are available upon request. Consistent with previous empirical literature (e.g., Campbell and Shiller, 1988; Fama and French, 1989; Hong, et al, 2007) , we find that the lagged market volatility, dividend yield and term structure are significant predictors of future market excess returns, while the change in USD/AUD exchange rates has no predictive power.
Since industry returns are contemporaneously correlated, the regression results of equation (3) may be subject to the bias of omitted variables. We then run the regression of equation (3) with an augmented specification by simultaneously including all 37 industry portfolio returns; and the results are reported in Table 3 . Table 3 lead-lag relationships, especially in markets outside the U.S., and also make our investigations as set out in the next section more interesting.
Impact of investor recognition and business cycle on the leading ability of industries.
In this section, we investigate whether the ability of an industry to lead the market is moderated by the proxies for investors' recognition and business cycle. We address this issue by sequentially adding , into the specification of equation (3), an interaction term between lagged excess industry portfolio return and the proxies for investor recognition, as well as an interaction term between those returns and the dummy variable of economic recession, The sign of the coefficients of the interaction terms, compared with the sign of the coefficient of the lagged industrial portfolio excess return, will indicate whether the ability of an industry to lead the market is strengthened or weakened by investors' recognition and during periods of economic recession.
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In general, small and illiquid industries are more likely to be neglected by investors; hence we construct three proxies for investor recognition: Size measures the relative size of the industry across the market, Turnover represents the liquidity of the industry while Value Traded indicates the relative liquidity of the industry across the market. The regression results for each industry are not reported here but are available upon request. We find that the six industries which, individually, lead the market lose their significance when the interaction terms between industry portfolio excess return and the proxies for investor recognition are added into the regressions.
The interaction terms of twelve industries and Size as well as Turnover, respectively, and of nine industries and Value Traded are statistically significant at 10% level. The interaction terms mostly report an opposite sign of coefficient to that of the industry portfolio excess return, and drive out the explanatory power of industry portfolio returns. The results indicate that the information contained in the returns of those small, illiquid industries is slowly incorporated into market return while the information content of large and liquid industries, such as Banks and Mining, can be contemporaneously captured by the market. Our findings provide evidence in support of the gradual-information-diffusion hypothesis that the slow information diffusion from industries to the market may result from the lack of investor recognition of these industries. Our finding that small and illiquid industries are more informative in leading the market is also consistent with that of Naes, et al (2010), who investigate the informativeness of U.S. stock market liquidity for the real economy across stocks and find that small and less liquid stocks are more informative.
We next construct the business cycle dummy variable that takes a value of one during periods of economic recession and zero otherwise, we then add the interaction term between 16 industry portfolio excess return and the business cycle dummy to the specification of equation (3). We then test whether the predictive power of industry portfolio returns is moderated by business cycle. The full results are not reported in this paper for reason of brevity but are available on request. We find that the coefficient of the interaction term has a negative sign for all industries, 9 of which are statistically significant at 10% level. Three industries, being
Alternative Energy, Insurance, and Oil & Gas Producers, which have reported a significantly negative coefficient sign for the specification of equation (3) To demonstrate, Table 5 reports the results of regressing the monthly market excess returns on lagged excess returns on Industrial Engineering, lagged control variables and a series of interaction terms. The Industrial Engineering portfolio consists of 25 actively traded stocks, while both its market capitalization and valued traded constitute less than 0.1 percent of the whole market on average over the sample period, compared with over 40 percent for Banks and Mining industries as a whole. As indicated in specification 1 of Table 5 , Industrial Engineering portfolio excess return leads the market significantly at 1% level while the lagged market excess return has little explanatory power. The result in specification 2 of Table 5 suggests that market volatility, market dividend yield, and term structure are good predictors of the market, however, their predictive power is driven out once the lagged Industrial Engineering excess return enters the regression, as reported in specification 3 of Table 5 . The lagged Industrial Engineering portfolio excess return remains significant at 1% level in the presence of well-known market predictors, while the Adjusted-R 2 increases by more than 100 percent compared to that of specification 2. Specifications 4 to 6 present the results when an interaction term between lagged Industrial Engineering excess return and the proxies for investor recognition, respectively, is added to specification 3 sequentially. The coefficient on Industrial Engineering excess return loses its significance while all three interaction terms significantly lead the market, and the Adjusted-R 2 increases by about 25 percent compared to that for specification 3. The results suggest that the information contained in Industrial Engineering excess return is captured by those proxies for investor recognition. Specification 7 of Table 5 is the result when the interaction term between Industrial Engineering excess return and the dummy variable for economic recession is added into specification 3. The coefficient on the interaction term has a negative sign but is not statistically significant from zero, the lagged Industrial Engineering excess return remains significant in leading the market, although its significance level has declined slightly compared to that for specification 3. The result implies that the predictive power of Industrial Engineering excess return is weakened during the period of economic recession.
In summary, we find a few industries significantly lead the market, however, we do not find evidence that the ability of an industry to predict the market is closely related to its propensity to forecast market fundamentals. Instead, we find that the predictive power of an industry is significantly moderated by the proxies for investor recognition, which provides evidence in support of the gradual-information-diffusion hypothesis. We also find that the predictive power of an industry is weakened during periods of economic recession.
Conclusion
In this study, we extend Hong et al (2007) 's work to empirically investigate three issues.
First, we investigate whether Australian industries lead the market and whether the ability of an industry to predict the market is closely related to its propensity to forecast market fundamentals.
Using monthly data of 37 industry portfolios consisting of 1720 actively traded Australian stocks over the period of 1990 to 2009, we find that the excess returns of six industry portfolios significantly lead the market excess return in the individual industry analyses, and 13 industries significantly lead the market when all industries simultaneously enter the regression. However, we do not find evidence that the ability of an industry to predict the market is closely related to its capacity to forecast economic growth.
Second, we examine whether the gradual information diffusion from industries to the aggregate stock market results from investors' attention constraints. We construct variables for industry size and liquidity as proxies for investor recognition and interact these variables with industry portfolio excess returns. We find that the predictive power of industry portfolio excess return is significantly moderated by the proxies for investor recognition, the information contained in the industry portfolio returns is mostly captured or offset by industry size or liquidity. Small and illiquid industries are more informative in leading the markets due to the lack of recognition of investors. Our results provide evidence in support of the gradual-informationdiffusion hypothesis.
business cycle. We construct the dummy variable that takes a value of one during economic contraction, and interact the dummy variable with industry portfolio excess returns. We find that the coefficient of the interaction term mostly has an opposite sign to the coefficient of the industry portfolio excess return, which indicates that, in general, industries demonstrate weaker 
